The present paper estimated cost efficiency of the Life insurance companies operating in India 
Of late, the Indian life insurance market is drawing intense attention, fuelled in part by the fast expansion of its insurance markets and the fact that this growth potential is now available to all (subject to the regulatory restriction on foreign equity holding).India is the second most populous country of the world with more than one billion population. The economic growth record is strong ( more than 6% during the past one decade).
In spite of these positive developments, the life insurance market in India is extremely under-penetrated. Tables 1 and 2 provide a comparison of Indian insurance penetration and density levels with the Asian and global standards for 2003, 2004 and 2005 and 2006 .Note that insurance penetration is defined as a ratio (in per cent) of premium to G.D.P. and insurance density is defined as a ratio(in per cent) of premium to population. 
Table1: Insurance Penetration: International Comparison

Section 2: The Methodological Issues
Concept of Cost Efficiency:
Cost efficiency of a productive enterprise is an important indicator of its performance. The cost efficiency of a firm is defined by the ratio of minimum costs to actual costs for a given output vector is computed by measuring the distance of its observed (cost)point from an idealised cost frontier.
The Data Envelopment Approach:
Data Envelopment Analysis (DEA) is a non-parametric linear programming tool generally used for performance evaluation of economic units through the construction of such an economic frontier.
The advantage of DEA is that it requires very few prior assumption on input-output relationship.
The DEA method enables extension of the single input-single output technical efficiency measure to the multiple output-multiple input case. In its constant returns to scale form,the DEA methodology was developed by Charnes, Cooper and Rhodes (1978) . Banker, Charnes and Cooper (1984) extended the approach to the case of variable returns to scale. The DEA approach constructs the production frontier from piecewise linear stretches resulting in a convex production possibility set.
The principal advantage of the DEA approach stems from the fact that the assumption of a specific functional form of the underlying technology is not necessary. This makes DEA particularly useful when dealing with service industries, since we have very limited knowledge about the underlying production technology in such cases. Instead of using any functional form, DEA uses linear programming approaches to envelope the observed data as tightly as possible. It only requires that the production possibility set is convex and the inputs and outputs are disposable.
Estimation of Cost Efficiency Using DEA-The Standard Approach:
Suppose we have data on r inputs and s outputs for each of the n firms. The ith firm(i=1,2,…,n) uses a r x 1 input vector x i = (x 1 ,x 2 , …,x r ) to produce a s x 1 output vector y = (y 1 ,y 2 ,..,y s ) where X is a r x n input matrix and Y a s x n output matrix that represent data for all n sample firms. In the first stage, the following linear programming problem (LP) is solved:
Subject to x i ≥ Xλ, y≤Yλ, λ≥0,∑λ=1(under variable returns to scale)
Whether, w i is a r x 1 input price vector for the i-th firm which corresponds to the input vector xi, and xi* is the cost-minimizing input vector for the i-th firm which is obtained by the LP .
In the second stage, the cost efficiency of the i-th firm is calculated as the ratio of minimum cost to observed cost:
The measure of cost efficiency is bounded between 0 and 1. A cost efficiency of 1 represents a fully cost efficient firm; 1-CE represents the amount by which the firm could reduce its costs and still produce at least the same amount of output.
Estimation of Cost Efficiency: The New Approach
In the life insurance sector, input and output quantities are expressed in monetary terms. Further, the definition and calculation of input and output prices is rather difficult. We therefore follow Tone The initial studies on the efficiency of U.S. life insurers, mostly focused on scale economies (e.g., Grace and Timme, 1992 , Yuengert, 1993 and Gardner and Grace, 1993 .These studies tend to find evidence of significant scale economies in the industry, although larger firms generally are found to exhibit decreasing returns to scale. Cummins and Zi(1998) made comparative analysis of frontier cost efficiency methodologies by the application of a wide range of econometric and mathematical programming techniques to a data set consisting of 445 life insurers over the period [1988] [1989] [1990] [1991] [1992] . The alternative methodologies gave significantly divergent estimates of efficiency for the in-sample insurers. The efficiency rankings were quite well-preserved among the econometric methodologies; but the rank correlations were found to be lower between the econometric and mathematical programming categories and between alternative mathematical programming methodologies. Thus, the choice of methodology had a significant effect on the results. Most of the insurers in the sample display either increasing or decreasing returns to scale, and stock and mutual insurers were found to be equally efficient after controlling for firm size.
During the eighties and nineties, the U.S. life insurance industry has experienced an unprecedented wave of mergers and acquisitions. Traditionally, the industry was characterized by high-cost distribution system and non-price competition, However, the insurers increasingly faced with more intensive competition from non-traditional sources such as banks, mutual funds, and investment advisory firms which captured a major share of the market for asset accumulation products such as annuities and cash value life insurance. The increased competition has narrowed profit margins and motivated insurers to seek ways to reduce costs. The more stringent solvency standards implemented under the risk based capital system adopted in 1993 also have put pressure on insurers to strengthen their financial statements. Technological advances in sales, pricing, underwriting, and policyholder services have forced insurers to become more innovative; and the relatively high fixed costs of the new systems may have affected the minimum efficient scale in the industry.In this context, Cummins,Tennyson and Weiss(1998) examined the relationship between mergers and acquisitions, efficiency, and scale economies in the US life insurance industry. They estimated cost and revenue efficiency over the period 1988-1995 using data envelopment analysis (DEA). The Malmquist methodology is used to measure changes in efficiency over time. They found that acquired firms achieve greater efficiency gains than firms that have not been involved in mergers or acquisitions. Firms operating with non-decreasing returns to scale and financially vulnerable firms were found to be acquisition targets. Overall, mergers and acquisitions in the life insurance industry was found to have a beneficial effect on efficiency.
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Section 4:Approach of the Present Paper
Specification of Input and Outputs:
In order to use DEA for estimating cost efficiency, it is essential to identify the relevant inputs and outputs of the life insurance firms. Selection of input/output variables, however, is rather difficult for insurance firms since input prices are often implicit, and many outputs are intangible.
Measurement of Output:
The outputs of financial service firms are measured according to three main approaches: the asset (intermediation) approach, the user-cost approach, and the value-added approach (refer Berger and Humphrey, 1992) .
The asset approach treats financial service firms as pure financial intermediaries which borrow funds from their customers which are invested, and thus transformed into assets. Interest payments are paid out to cover the time value of the funds used. Applying the asset approach would mean that only the intermediation services provided by life insurance firms are taken into account with out any regard to the risk-pooling and risk-bearing services rendered by them.
The user-cost approach was developed by Hancock (1985) . It determines whether a financial product is an input or an output by analyzing if its net contribution to the revenues of an insurance firm is positive or negative. According to that, a product is considered an output, if its financial return exceeds the opportunity costs of funds or if the financial costs of a liability are lower than the opportunity costs. Otherwise, the financial product would be classified as an input. This method would require precise information on product revenues and opportunity costs which can not be obtained for the Indian life insurance firms.
The value-added approach differs from the asset approach and the user-cost approach as it considers all asset and liability categories to have some output characteristics. Those categories which have substantial value added, are then used as the important outputs. The remaining categories are treated as rather unimportant outputs, intermediate products, or inputs. An important advantage compared to the user-cost approach consists in the fact that the valueadded approach uses operating cost data rather than determining the costs implicitly or using opportunity costs. The value added approach is considered to be the most appropriate method to measuring output of financial firms and is widely used in recent insurance studies.
In the present study we follow the value added approach and consider two output proxies: benefits paid to the customers and net premium mobilized by the insurance companies.
Measurement of Input:
The life insurers have two important cost components: operating expenses and commission expenses. We have included both of them in our study as inputs expressed in monetary terms.
Descriptive Statistics on Inputs/Outputs:
Tables 3-7 present the descriptive statistics of input/output variables Table 8 provides the insurer wise cost efficiency figures for the period of observation (2002-03 to 2006-07) . Table 9 provides the insurer wise ranks determined on the basis of cost efficiency scores. 
Section 5: Analysis of the Results
In the present paper we have estimated cost efficiency of the Life insurance companies operating in India using the new cost efficiency approach suggested by Tone (2002) . 
